242                            SEISMIC METHODS
ELASTIC CONSTANTS AND WAVE SPEEDS IN ROCKS
The property of rocks of prime importance in seismic prospect-
ing is the speed of propagation of elastic waves and particularly
of longitudinal waves. The variations of travel times of such
waves, which are the primary quantity measured in seismic
prospecting, are the expressions of wave speed changes or con-
trasts within the rocks. Thus, differences in wave speed are as
fundamental to seismic prospecting as differences in density and
magnetic polarization are to the gravitational and magnetic
methods, respectively.
If rocks were simple, ideal elastic media, it would be possible
to calculate the wave speeds from measurements of the elastic
constants [see Eq. (175)]. However, it is usually found that
measurements of wave speeds for large rock masses in place
(by seismic field observations1) give speeds appreciably different
from those computed from measured elastic constants of the
same or similar rocks, and consistent speeds are not generally
calculated from different possible combinations of measured
elastic constants.2 For seismic prospecting, the wave speeds are
nearly always determined in the field, as will be discussed in
some detail later (page 284).
It is evident from Eqs. (175) and (176) that the wave speed is
proportional to the square root of the elasticity (i.e., Young's
modulus E) and inversely proportional to the square root of the
density. From this it might be expected that heavy rocks would
have low wave speeds. Usually, however, the reverse is true.
It appears that the elasticity of rocks (E, k, or ri) varies over a
much wider range than the density, and the variations in wave
speed are controlled much more by variations in elasticity than
by those in density. Hard, well-cemented rocks have much
higher speeds than loose, unconsolidated rocks.
Very commonly the wave speed increases with depth. This is
particularly true when there are great thicknesses of rocks of
rather similar lithology, such as the very thick deposits of sands
1 Weatherby et al, 1934.
Ewing et al, 1934.
Leet and Ewing, 1932.
2Leet, 1938, p, 97.